We report a first measurement of inclusive B → Xsη decays, where Xs is a charmless state with unit strangeness. The measurement is based on a pseudo-inclusive reconstruction technique and uses a sample of 657×10
6 BB pairs accumulated with the Belle detector at the KEKB e + e − collider. For MX s < 2.6 GeV/c 2 , we measure a branching fraction of (26.1±3.0(stat) and a direct CP asymmetry of ACP = −0.13 ± 0.04
−0.03 . Over half of the signal occurs in the range MX s > 1.8 GeV/c 2 .
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Decays of B mesons involving the b → s transition are an excellent tool for searches for physics beyond the Standard Model (SM). Theoretical treatments of these decays into exclusive hadronic final states, however, suffer from large uncertainties in the hadronization process. The uncertainties can be effectively reduced by leaving some of the final states in the calculation at the quark level, which corresponds to a measurement of an inclusive hadronic state X s of unit strangeness.
Among such b → s decays, those involving the η and η ′ mesons exhibit unique properties due to interference between their underlying SU(3) octet and singlet components [1] . The CLEO collaboration reported the first measurement of inclusive B → X s η ′ with an unexpectedly large branching fraction and an X s spectrum that peaks at high X s mass [2] , a result confirmed in improved, higher-statistics measurements [3, 4] . Explanations included a large intrinsic cc component of the η ′ [5] , the QCD anomaly mechanism [6] that couples two gluons to the flavor singlet component of the η ′ , and also new physics sources [7] . The first is disfavored by the lack of an enhancement of B → η c K relative to B → J/ψK [8] , while the second is disfavored by a measurement of Υ(1S) → η ′ X [9] , which indicates an η ′ gg form factor that cannot explain the enhancement. A recent treatment [10] using soft collinear effective theory suggests that a measurement of the complementary process B → X s η can elucidate the possible contribution from nonperturbative charm-penguin amplitudes or higher-order gluonic operators to both the η and η ′ processes. CLEO performed the only previous search with an upper limit of B(B → X s η) < 4.4 × 10 −4 [2] .
In this Letter, we report a measurement of B → X s η using a sample of 657 × 10 6 BB pairs accumulated with the Belle detector at the KEKB e + e − collider [11] . The Belle detector is a large solid-angle magnetic spectrometer and is described in detail elsewhere [12] .
We reconstruct candidate B mesons using a pseudoinclusive method, with the X s composed of a K + or K 0 S (→ π + π − ) and up to four pions, of which at most one is a π 0 (→ γγ). This gives a total of 18 reconstructed channels and their charge-conjugates [13] . Candidate η mesons are reconstructed in the η → γγ mode from photons with E γ > 200 MeV. The invariant mass of the γ-pair is required to lie between 520 MeV/c 2 and 570 MeV/c 2 , or within 2σ of the nominal mass. We veto an η candidate if either of its photons can be combined with another photon in the event to form a candidate π 0 . To suppress background from radiative B decays, we require the energy asymmetry of the two photons, defined as |E γ1 − E γ2 |/|E γ1 + E γ2 |, to be less than 0.6. The momenta of η candidates are recalculated using the nominal η mass [14] . To suppress secondary η-mesons from b → c → η chains, we retain only η candidates whose center-of-mass (CM) momentum satisfies |p * η | > 2.0 GeV/c. Charged pions and kaons are selected based on information from the time-of-flight, aerogel Cherenkov, and drift chamber dE/dx systems. Typical efficiencies to correctly identify kaons (pions) are above 88% (98%), with misidentification rates for pions as kaons (kaons as pions) below 12% (4% 
2 ). For the B → X s η component, fragmentation of the X s system into hadrons is simulated by PYTHIA [16] , assuming a model in which the X s mass spectrum is flat from the Kπ threshold up to 3.2 GeV/c 2 . We find an average of approximately nine B candidates per event, of which we select the candidate with the lowest χ 2 . This χ 2 is defined as the sum of χ
2 , where the resolution σ ∆E is estimated separately for each reconstructed mode, and, if available, a reduced-χ 2 of a vertex fit that includes all X s daughter charged tracks except those used as part of a K 0 S candidate. After applying this procedure, we select the correctly reconstructed B in 56% of simulated events.
The dominant background to B → X s η comes from continuum production of quark pairs, e + e − →(q = u, d, s, c). These events have a jet-like topology, and are suppressed relative to the spherical BB events using a Fisher discriminant [17] formed from event shape variables [18, 19] . Further suppression is obtained by combining this Fisher discriminant with the cosine of the B flight direction in the CM frame and, when available, the displacement between the signal B and the other B in the event. This suppression is optimized as a function of b-flavor tag quality [20] , and is approximately 34% efficient for the signal modes while suppressing over 99% of the continuum background.
Decays of the type B → X c η and B → X c → X s η, where X c is any state containing charm mesons, may have final states identical to the signal mode. We search among the candidate B decay products for combinations consistent with selected charm meson decays and veto the candidate if the mass of the reconstructed combination is within ±2.5σ of the known mass. The modes and their veto widths are:
and η c (1S) → ηπ + π − , 85.0 MeV/c 2 . We also veto events with an η ′ → ηπ + π − candidate with an invariant mass M ηππ within 100 MeV/c 2 of the nominal η ′ mass. Signal yields are obtained using an extended unbinned maximum likelihood fit to M bc in 200 MeV/c 2 bins of X s mass up to 2.6 GeV/c 2 . The probability density function (PDF) for the signal is taken as a Gaussian, with the mean and width determined from the appropriate signal MC sample (Kη, K * η, or X s η) for the mass bin, with calibration factors taken from a B → Dπ control sample. All reconstructed modes are combined for the fit, and no attempt is made to separate correctly reconstructed B candidates and those with some missing or incorrectly attributed B daughters (self-cross-feed). Shapes for the charm contributions remaining after the vetoes are assigned based on a MC sample of generic b → c processes. Four separate PDFs are assigned for the largest charm backgrounds as identified in MC:
All other b → c backgrounds are combined into another PDF. Each charm PDF consists of a Gaussian component to describe the peaking in M bc , and an empirically determined parameterization (ARGUS function) [21] to describe nonpeaking combinatorial contributions. The shape parameters are taken from the appropriate background MC sample. Normalizations of the modes B 0 →D ( * )0 η are based on the previous Belle measurement [22] . The branching fractions for the decays B → D ( * ) πη are unknown, so their normalization is determined by a simultaneous χ 2 minimization based on the difference between the expected and observed M bc distribution of the events in all eight veto windows. The relative normalizations of D − π + η and D * − π + η are assumed to be the same, and likewise for the D ( * )0 modes. The χ 2 technique is verified by repeating the optimization over the B 0 →D ( * )0 η modes, for which the results are consistent with the previous Belle measurement. This χ 2 is also used to study systematic errors on the normalizations of all charm PDFs. Normalization for the PDF that includes all other b → c modes is fixed to the MC expectation. The remaining combinatorialbackgrounds are modeled with an AR-GUS function. For the final fit, the signal yield and both the yield and shape parameter of theARGUS PDF are allowed to vary.
Rare B decay backgrounds are studied with a dedicated MC sample, and include contributions from B → X s η ′ , B → X s γ, and B → X d η. These expected yields are subtracted from the fit yield to give a final yield. The expected yields for B → X s η ′ and B → X s γ are based on the known branching fractions, and are found to be less than 0.5 events in each X s mass bin. The B + → π + η branching fraction is also known, and the expectation is 5.2 events in the lowest bin of X s mass. We estimate the contribution from other B → X d η modes by repeating the reconstruction and the fitting procedure but replacing the K + candidate of X s with a π + candidate. Performing these fits on data and using a dedicated X d η MC sample to estimate the rate to misreconstruct X d as X s , we estimate a total contamination of 19.1 ± 2.3 events from X d η, distributed uniformly in the range M Xs ∈ [0.6, 2.6] GeV/c 2 . The fit to the full mass range, M Xs ∈ [0.4, 2.6] GeV/c 2 , is shown in Fig. 1(a) , and gives a background-subtracted yield of 1054 ± 54 +16 −18 . We also define a high mass region, M Xs ∈ [1.8, 2.6] GeV/c 2 , where the summed yield is 233 ± 34 +13 −15 . Significances are determined in each mass bin by convolving the likelihood function with a Gaussian of width determined by the systematic errors on the yield. The maximum likelihood, L max , and the likelihood at a signal yield of zero, L 0 , are used to determine the significance, which is defined as −2 ln(L 0 /L max ). The significance is 23 (7) for the full (high) X s mass range. The points with errors correspond to the data, while the curves correspond to the overall fit PDF (solid red), the signal PDF (dashed magenta), the sum of all b → c background PDFs (dotted green), and the combinatorial background PDF (dash-dotted blue). (b) Differential branching fraction, dB/dMX s , for B → Xsη. The three error bars correspond to statistical error only, statistical plus systematic error, and total error.
Reconstruction efficiencies in bins of X s mass range from 6.5% to 0.1%, not including the branching fraction for η → γγ; these results are based on the signal MC and assume equal production of B + B − and B
0B0
at Υ(4S). Figure 1(b) shows the differential branching fraction as a function of M Xs . Table I gives −15 ± 6 ± 3 1.8-2.6 233 ± 34 169 ± 29
this asymmetry in the subset of reconstructed modes in which the B flavor can be inferred from the final state. We correct the fitted CP asymmetry to account for events that are reconstructed with the wrong B flavor by multiplying the raw fitted asymmetry by a dilution factor. This factor is estimated from the signal MC, and ranges from unity to 1.05. The bin-by-bin results, as well as the results of separate fits for A CP over the full X s mass range and the range above the narrow kaonic resonances (M Xs ∈ [1.0, 2.6] GeV/c 2 ), are shown in Table I . For M Xs ∈ [0.4, 2.6] GeV/c 2 , we find A CP = −0.13 ± 0.04
+0.02
−0.03 , with a significance of 2.6σ relative to a null asymmetry. All A CP results that include the range M Xs ∈ [0.4, 0.6] GeV/c 2 are calculated with the assumption that the B + → π + η backgrounds in this region contribute a CP asymmetry consistent with the existing measured world average [14] .
Systematic errors on the fitted signal yield are dominated by PDF uncertainties. Uncertainties in the signal PDF parameters are studied using a B → Dπ control sample, while those due to normalizations and shapes for the b → c backgrounds are estimated using comparisons between the veto window χ 2 procedure and either MC expectations or, when available, previous measurements. Errors from the background subtractions are dominated by uncertainties in the estimate of backgrounds from B → X d η. Our estimates of these backgrounds may have included other small contributions, such as those from B → X s η, so we allow these estimates to vary by −100%. Positive uncertainties are estimated from the difference in expected yields assuming a flat distribution of X d events in X s mass versus those obtained from a MC study of cross-feed from X d mass to X s mass. In all cases the systematic uncertainties on the backgroundsubtracted signal yields are at least a factor of two smaller than the statistical errors.
The model-independent systematic error includes contributions from the signal yield, the selection efficiency, the number of BB pairs, and the η → γγ branching fraction [14] . For X s mass bins above 1.8 GeV/c 2 , the errors on the signal yields from uncertainties in the PDF shapes (primarily for the charm PDFs) dominate with a contributed relative uncertainty of 7-18%. For the lower X s mass bins, the efficiency error is the largest contribution with a relative uncertainty of 5-6%. This error is the combination of individually determined contributions from control sample studies of the following: tracking, reconstruction of π 0 , η, and K 0 S , particle identification, continuum suppression, and candidate selection.
We define an additional error due to modeling of the X s system, which is studied in three parts. The first is due to the fraction of unreconstructed modes (e.g., modes with too many total or neutral pions or additional kaons). We vary these fractions by ±30% of the PYTHIA expectation and use the differences in efficiency to estimate an M Xs bin-dependent uncertainty that rises with X s mass from zero to ±21.1%. The second is due to differences in the observed frequency of decay modes and those expected from PYTHIA. We find good agreement between data and MC in the relative amounts of charged and neutral B modes, modes with K 0 S and those with K + , and modes with one or two total π's and those with three or four total π's. However, we find a significant excess of modes without a π 0 over those with a π 0 , which we attribute to inaccuracies in the PYTHIA fragmentation. To quantify this uncertainty, we re-estimate the PYTHIA efficiencies with the fraction of π 0 modes adjusted to match data, and use the difference between this value and the nominal efficiency to assign an error. This error is usually only negative, due to the higher reconstruction efficiency for modes without a π 0 , and is as large as −37% in the highest X s mass bin. The final component of the modeling uncertainty is due to the assumed X s mass spectrum. We study the efficiencies of other M Xs signal MC samples where the spectrum rises toward high mass and assign errors based on the differences from the flat M Xs MC. Using these samples, we also study the fractions of self-cross-feed candidates that are reconstructed with an incorrect X s mass. These effects are small compared to the first two components of the modeling error.
The systematic error on A CP includes contributions due to: uncertainties in the PDF parameters; possible detector and measurement biases, which are estimated from the measured A CP of the B → Dπ control sample and the signal MC, respectively; uncertainty due to the signal model is studied by checking the fractions of events with incorrectly identified flavor using alternative M Xs spectra; and possible contamination due to B → πη (B → X d η) decays is estimated by varying their A CP by the measured uncertainty [14] (±100%).
In summary, we report the first measurement of the inclusive process B → X s η, and find a partial branching fraction of B(B → X s η; M Xs ∈ [0.4, 2.6] GeV/c 2 ) = (26.1 ± 3.0(stat) +1.9 −2.1 (syst) +4.0 −7.1 (model)) × 10 −5 . The measured M Xs dependent branching fractions are consistent with the known B → Kη and B → K * (892)η processes [23] . In the high mass region, M Xs ∈ [1.8, 2.6] GeV/c 2 , which is above any significant contributions from previously measured exclusive processes [24] , we observe a signal with a 7σ significance. We also measure the CP asymmetry of B → X s η, both as a function of M Xs and for the full mass range, where we find A CP = −0.13 ± 0.04 +0.02 −0.03 . No theoretical prediction is currently available for the shape of the M Xs spectrum. However, the similarity in spectral shape to B → X s η ′ and the lack of strong suppression of the B → X s η branching fraction relative to the η ′ mode imply that the origin of the large contribution in the η ′ mode is also common to the η mode [10] , and disfavors η ′ specific mechanisms [5, 6] .
